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1.0   Introduction


1.1 Introduction and Overview
In a proposed rulemaking published in the July 29, 2015 Federal Register (80 FR 45340), the United
States Environmental Protection Agency (EPA) released a revised version of AERMOD (15181),
which replaced the previous version of AERMOD dated 14134. EPA proposed refinements to its
preferred short-range model, AERMOD, involving low wind conditions.  These refinements involve an
adjustment to the computation of the friction velocity (“ADJ_U*”) in the AERMET meteorological pre-
processor and a higher minimum lateral wind speed standard deviation, sigma-v ( v), as incorporated
into the “LOWWIND3” option.  The proposal indicates that “the LOWWIND3 BETA option increases
the minimum value of sigma-v from 0.2 to 0.3 m/s, uses the FASTALL approach to replicate the
centerline concentration accounting for horizontal meander, but utilizes an effective sigma-y and
eliminates upwind dispersion“.1  At the public hearing (the 11th Modeling Conference), EPA provided2


evaluation results to support their proposal.


In comments to the docket on behalf of industrial trade organizations (the American Petroleum
Institute and the American Iron & Steel Institute) to support EPA’s low wind proposal, AECOM
included references to a recently published peer-reviewed journal article3 and supplementary
evaluation information4 involving tall-stack field databases to support the EPA proposal for
incorporation of the low wind options noted above as default options.


Although most comments to the EPA docket supported the proposed low wind options, the Sierra
Club issued comments5 to the contrary, recommending that EPA should not adopt the proposed low
wind options as defaults in the AERMOD modeling system.  The Sierra Club analysis is further
discussed in Section 2, and is provided in its entirety as a supplement to this report.


The purpose of this study is to review the Sierra Club comments and modeling analysis and to rerun
the evaluation for some of the databases for tall point sources used by the Sierra Club, especially
since they did not submit their computer files to EPA6.  The statistical metrics used in our evaluation


1 Addendum User’s Guide for the AMS/EPA Regulatory Model – AERMOD
http://www.epa.gov/ttn/scram/models/aermod/aermod_userguide.zip.


2 http://www3.epa.gov/ttn/scram/11thmodconf/presentations/1-5_Proposed_Updates_AERMOD_System.pdf.
3 Paine, R., O. Samani, M. Kaplan, E. Knipping and N. Kumar (2015) Evaluation of low wind modeling


approaches for two tall-stack databases, Journal of the Air & Waste Management Association, 65:11, 1341-
1353, DOI: 10.1080/10962247.2015.1085924.


4 http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OAR-2015-0310-0110; Attachment D.
5 http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OAR-2015-0310-0114.
6 Personal communication from George Bridgers (EPA) to Robert Paine (AECOM) on November 9, 2015.
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are focused upon the design concentration for the 1-hour SO2 National Ambient Air Quality Standard
(NAAQS), which has a statistical form that is not represented in  the statistical metrics used  the Sierra
Club’s model evaluation.  The focus on the statistical 1-hour SO2 design concentration (99th percentile
daily maximum concentration over a year) is most appropriate for tall point sources such as power
plants as that is commonly the criteria pollutant of interest.  For low-level sources, other criteria
pollutants such as carbon monoxide, which does not have statistically-based NAAQS design
concentrations, can also be important.  Thus, the low-wind model evaluation studies for low-level
sources that EPA has cited to support these options did not address the statistical form of the
NAAQS.


1.2 Report Organization
Section 2 of this report further discusses the Sierra Club evaluation of the AERMOD modeling system
low wind options.  Section 3 discusses the design of the evaluation presented in this report for three
tall-stack databases:  Lovett, Clifty Creek, and Kincaid.  The results of the evaluations for Lovett, Clifty
Creek, and Kincaid are provided in Sections 4, 5, and 6, respectively.  Section 6, which involves the
Kincaid study, also discusses shortcomings in that evaluation database due to the omission of local
SO2 sources that should have been documented and included in the archive.  Section 7 reviews the
results of two other tall-stack databases that were separately evaluated.  The study conclusions,
which reference results for several tall-stack databases, are provided in Section 8.
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2.0   Sierra Club Low Wind Model Evaluation


The Sierra Club hired Camille Sears to conduct an evaluation of EPA’s proposed low wind options
(ADJ_U* for AERMET and LOWWIND3 for AERMOD).  The discussion below presents a summary of
what the low wind options do, the databases selected by the Sierra Club, and the results of that
evaluation.


2.1 Summary of AERMOD System Low Wind Options
In 2005, the United States Environmental Protection Agency (EPA) promulgated a new dispersion
model, AERMOD7, which replaced the Industrial Source Complex (ISC) model as the preferred model
for short-range air dispersion applications.  Historically with ISC, winds below 3 knots (or 1.5 m/s)
were presumed to be calm and were not modeled.  As AERMOD and available wind measurements
at airports have evolved since 2005, it has become quite routine for modeling applications (including
those conducted for New Source Review) to include hours with wind speed observations much lower
than 1.5 m/s.  The instrumentation and recording methods for Automated Surface Observing System
(ASOS) stations have also evolved.  Some ASOS stations are now equipped with sonic anemometers
with the ability to record winds less than 0.1 m/s.  The inclusion of lower wind speed observations into
AERMOD meteorological databases was made possible with these ASOS stations. Low wind speeds
have become more prevalent with EPA’s recommended procedures and the AERMINUTE tool for
incorporating sub-hourly winds into AERMOD’s meteorological databases.


One suspected area of AERMOD model bias has been for the situation of very low wind speeds (e.g.,
less than 1 m/s), stable conditions, and near-ground releases, as documented by Paine et al., 2010
(the “AECOM study”, co-funded by the American Petroleum Institute and the Utility Air Regulatory
Group8).  With lower wind speeds more frequently being modeled, the use of these values as input to
AERMOD is pushing the known bounds of a steady-state Gaussian model, which inherently assumes
uni-directional wind flow.  Because this is sometimes not the case during near-calm conditions,
AERMOD or any other steady-state Gaussian model must be applied with caution, because the
concentration approaches infinity at zero wind speed.  The results of using very low wind speed input
to AERMOD are the simulation of a plume that is generally too compact due to the lack of along-wind
dispersion in the model formulation and under-representation of wind direction variability.  As a result
of the low wind issue, the AECOM study was conducted and the results of study were provided to
EPA that specifically examined and improved AERMOD’s ability to predict under low wind speed
stable conditions.


The AECOM 2010 study examined two aspects of the model: (1) the meteorological inputs, as it
related to u* (friction velocity) and (2) the dispersion model itself, particularly the minimum lateral
turbulence (as parameterized using sigma-v) assumed by AERMOD.  As part of phase 1 of the study


7 The model code and all related documentation is available at
http://www3.epa.gov/ttn/scram/dispersion_prefrec.htm#aermod.


8 Paine, R.J., J.A. Connors, and C.D. Szembek, 2010.  AERMOD Low Wind Speed Evaluation Study:  Results
and Implementation.  Paper 2010-A-631-AWMA, presented at the 103rd Annual Conference, Air & Waste
Management Association, Calgary, Alberta, Canada.
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(involving three research-grade meteorological databases), the authors (Paine et al., 2010) concluded
that their evaluation indicated that in low wind conditions, the u* formulation in AERMOD underpredicts
this important planetary boundary layer parameter.  This results in an underestimation of the
mechanical mixing height, as well as underestimates of the effective dilution wind speed and
turbulence in stable conditions.


As part of phase 2 of the AECOM 2010 study (involving two low-level tracer release studies: Oak
Ridge and Idaho Falls), the authors concluded that the AERMOD minimum sigma-v value of 0.2 m/s
was too low by about a factor of 2, especially for stable, nighttime conditions.


The AECOM 2010 study found that the default AERMOD modeled concentrations were being over-
predicted by nearly a factor of 10 for the Oak Ridge database and a factor of 4 for the Idaho Falls
database.  However, the proposed adjustments to the u* formulation in AERMET and the
incorporation of a minimum sigma-v in AERMOD substantially improved the model performance.  The
results of the AECOM 2010 study were provided to EPA in the spring of 2010.


EPA responded appropriately to these issues by incorporating low wind model formulation changes in
AERMET and AERMOD versions 12345, 13350, 14134, and 15181.  The formulation changes to
AERMET were similar to those suggested by AECOM in their 2010 report, although EPA relied upon
a Qian and Venkatram (2011) peer-previewed paper9 for the AERMET formulation of the friction
velocity (“ADJ_U*”) adjustments.  As a result of experience and comments received since the initial
low wind implementation in late 2012, EPA provided its recommended options in July 2015 for
incorporation as defaults in the AERMOD modeling system.


2.2 Sierra Club Evaluation of Low Wind Options in AERMOD Version 15181
The Sierra Club initially expressed its concerns about the AERMOD low wind options in a Camille
Sears presentation10 made at the 2013 EPA Modeling Workshop.   As part of their comments on the
proposed EPA changes to AERMOD presented in 2015, Camille Sears conducted additional
evaluations on some of the evaluation databases that EPA has posted7 for AERMOD studies.  The
specific evaluation databases selected by the Sierra Club included Baldwin, Kincaid, Lovett, Tracy,
and Prairie Grass, with features noted below.


 Baldwin (1-hr SO2): Rural, flat terrain, 3 stacks, stack height = 184.4 m, 1 full year


 Kincaid (1-hr SO2): Rural, flat terrain, 1 stack, stack height = 187 m, about 7 months


 Lovett (1-hr SO2): Rural, complex terrain, stack height = 145 m, 1 full year


 Tracy (1-hr SF6): Rural, complex terrain, 1 stack, stack height = 90.95 m, several tracer
release hours


 Prairie Grass (1-hr SF6): Rural, flat terrain, 1 stack, release height = 0.46 m (no plume rise),
several tracer release hours


9 Qian, W., and A. Venkatram, 2011. Performance of Steady-State Dispersion Models Under Low Wind-Speed
Conditions. Boundary-Layer Meteorology, 138:475–491.


10


http://www.cleanairinfo.com/regionalstatelocalmodelingworkshop/archive/2013/Files/Presentations/Tuesday/107
-Sears-Sierra_Club.pdf.
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The evaluation techniques selected by Camille Sears for AERMOD were designed by EPA in the
early 1990s, and the evaluation results were updated for various versions of AERMOD up to 2003 and
2005, when the most recent evaluation documents11,12 were published.   EPA’s model evaluation
procedures were developed to evaluate the ability of model to estimate peak 1-hour average
concentrations.  This was appropriate for all criteria pollutants at that time which had deterministic
short-term NAAQS, for which only a single excursion per year was allowed. This preceded the
promulgation of statistically-based probabilistic forms of the 1-hour NAAQS for SO2 and NO2 (99th and
98th percentile of the daily 1-hour maximum values per year).  For example, for SO2, the ranked 1-
hour concentration for the “design concentration” at any location (which has the same statistical form
of the NAAQS) could theoretically range anywhere between the 4th highest and the 73rd highest 1-hour
concentration in a full year13.


EPA’s recommended model evaluation statistic (developed prior to the promulgation SO2 and NO2
NAAQS in 2010) is the “robust highest concentration” (RHC), which focuses upon a fit involving the
highest 26 concentrations among data from all monitor locations14.  EPA’s 1992 model evaluation
guidance15 references the RHC statistic as the preferred approach.  While this statistic was useful for
the previous forms of the short-term NAAQS, including the SO2 secondary NAAQS (2nd -highest 3-
hour concentration, which is the 99.93th percentile value) it is clear that this statistic is inconsistent with
the current short-term NAAQS for SO2 and  NO2.  As such, in evaluating model performance,
especially for tall point sources for which the determination of modeled SO2 NAAQS compliance is
highly important, it is appropriate to focus upon the form of the 1-hour design concentrations.  This is
discussed further in the next section.


The results of the Sierra Club evaluation are provided in Figure 2-1 as a screen capture from their
comment document.


The relevant lines of results to review in Figure 2-1 are the third line (AERMOD default – no low wind
options) and the fifth line (AERMOD with both ADJ_U* and LOWWIND3 options).  Although we view


11 http://www3.epa.gov/ttn/scram/7thconf/aermod/aermod_mep.pdf.


12 Perry, S.G., A.J. Cimorelli, R.J. Paine, R.W. Brode,  J.C. Weil, A. Venkatram, R.B. Wilson, R.F. Lee, and W.D.
Peters, 2005.  AERMOD: A Dispersion Model for Industrial Source Applications.  Part II: Model Performance
against 17 Field Study Databases. Journal of Applied Meteorology, 44, 694-708.  American Meteorological
Society, Boston, MA.


13 If the top 3 1-hour concentrations occurred on 3 separate days the design concentration would be the 4th


highest per year and if the 72 highest concentrations all occurred in only three days of the year design
concentration would be the 73rd highest per year.


14 The top 26 concentrations for the RHC statistic are ranked from concentrations from all monitors together, so a
minority of the monitors could dominate the statistics, and there can be inconsistent monitor representation
between observations and predictions.  In addition, the RHC statistic uses all 1-hour values rather than the
highest daily value, which is also inconsistent with the new ambient standards.


15 Environmental Protection Agency, 1992. Protocol for Determining the Best Performing Model. Publication
No. EPA–454/ R–92–025. Office of Air Quality Planning & Standards, Research Triangle Park, NC. (NTIS No.
PB 93–226082)
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the statistic presented as inconsistent with the 1-hour NAAQS and therefore can potentially
misrepresent model performance in that regard, the following items are worth noting:


 Even with the RHC approach that was used, the Baldwin results show over-predictions, with a
lower overprediction bias using the low wind options.


 The Kincaid and Lovett results show apparent under-predictions even for the default model,
with slightly more under-prediction for the low wind options.   However, the 100th percentile
statistic addressed by the RHC misrepresents the more relevant and more stable 99th


percentile (for SO2) and 98th percentile (for NO2) daily maximum NAAQS statistics.


 The short-term tracer studies (Tracy and Prairie Grass) are not amenable to an operational
evaluation study that uses a long period (such as a full year) of data to address a wide range
of meteorological conditions.   Therefore, we did not use those databases in this
supplemental study.


 The results of the evaluation with low wind options could depend upon whether the measured
turbulence data (especially the horizontal turbulence data) is withheld from the modeling.
The horizontal turbulence issue is noteworthy because recent EPA guidance indicates that
the hourly averages of wind direction fluctuations should use four 15-minute averages, thus
neglecting wind direction meander among the 15-minute periods.  In addition, EPA may
consider16 that the use of the observed sigma-theta (and possibly sigma-w data), in addition
to the low wind meander adjustments, could “overcorrect” for the low wind issue.  Therefore,
the option to remove the observed turbulence input to AERMOD for the low wind runs is part
of our analysis reported in this document.


Table 2-1: Summary of Sierra Club RHC Statistical Results


16 February 10, 2016 EPA Model Clearinghouse memo: “Model Clearinghouse Review of the Use of the ADJ_U*
Beta Option in the AERMET Meteorological Processor (Version 15181) for the Donlin MineCompliance
Demonstration
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3.0   Design of Our Statistical Evaluation


To address the issues brought up by the Sierra Club in its model evaluation, this report documents the
results of a similar evaluation analysis with the following features:


 Alternative statistical measures (more relevant for the form of the 1-hour SO2 NAAQS) are
reported, as further discussed in bullets below.


 Three tall-stack databases are considered, two of which were modeled by the Sierra Club,
plus one additional AERMOD evaluation database (Clifty Creek) to increase confidence in the
overall results:  Lovett, Kincaid, and Clifty Creek17.  Lovett represents a complex terrain
setting, Kincaid a flat setting, and Clifty Creek represents an intermediate setting with the
power plant in the Ohio River gorge, but with stack top still higher than the higher elevation
monitors.


 For the RHC statistic, we also used the daily 1-hour maximum instead of all hourly values, to
be more consistent with the form of the 1-hour NAAQS.


 For the RHC statistic, we also discarded (for the case of SO2 for a year of data) the top 3 daily
1-hour maximum values so that the statistic estimates the correct form of the standard (this
statistic can be referred to as “R4HC” because it estimates the 4th highest concentration).


 We also conducted an R4HC evaluation for each monitor separately, and then took the
geometric mean of the modeled-to-observed ratios over all monitors to determine the overall
model performance with the monitors each given equal weight.


 In an appendix for each database evaluated, we include quantile-quantile (Q-Q) plots18 for
each monitor to pair the evaluation in space.


 In the main text of this report, we show plots of the observed and predicted 99th percentile
peak daily 1-hour maximum concentrations in ranked pairs to focus on the form of the SO2
NAAQS and ability of the model to prove a predicted design concentration that is at least as
high as the highest observed design concentration.


The next three sections provide, respectively, a description of each evaluation setting and the results
of our evaluation.  We also reference two other evaluation databases used in low wind option testing
in Section 7 prior to our conclusions in Section 8.


17 Data for all of these databases resides on the EPA web site at
http://www3.epa.gov/ttn/scram/dispersion_prefrec.htm#aermod.


18 Quantile-quantile plots rank the concentrations first, and then plot the points by ranked pairs.   Therefore, the
points generally have concentrations that are unpaired in time.
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4.0   Lovett Evaluation Results


4.1 Description of Field Study Setting
The Lovett Power Plant study (Paumier et al.19) consisted of a buoyant, continuous release of SO2
from a 145-m tall stack located in a complex terrain, rural area in New York State. The data spanned
one year from December 1987 through December 1988. Data available for the model evaluation
included 9 monitoring sites on elevated terrain; the monitors were located about 2 to 3 km from the
plant.  The monitors provided hourly-averaged concentrations.  A map of the terrain overlaid with the
monitoring sites is shown in Figure 4-1.  The important terrain feature rises approximately 250 m to
330 m above stack base at about 2 to 3 km downwind from the stack.  The full-load emission rate and
stack parameters are summarized in Table 4-1.  Meteorological data include winds, turbulence, and


T from a tower instrumented at 10 m, 50 m, and 100 m (Table 4-2).  National Weather Service
surface data (used for cloud cover) were available from a station 45 km away.


AERMET/AERMOD version 15181 was run using the following 8 configuration options;


 AERMET Default / AERMOD Default, including all observed turbulence;


 AERMET Default/ AERMOD Default with all observed turbulence removed;


 AERMET ADJ_U* / AERMOD LOWWIND3, including all observed turbulence;


 AERMET ADJ_U* / AERMOD LOWWIND3 with all observed turbulence removed; and


 AERMET ADJ_U* / AERMOD LOWWIND3 with observed horizontal turbulence removed, but
retaining the vertical turbulence data.


 AERMET ADJ_U* / AERMOD default, including all observed turbulence;


 AERMET ADJ_U* / AERMOD default with all observed turbulence removed; and


 AERMET ADJ_U* / AERMOD default with observed horizontal turbulence removed, but
retaining the vertical turbulence data.


The EPA-proposed model option parameters (0.3, 0.5, 0.95) were selected for the LOWWIND3 model
runs, consistent with the Sierra Club report.


An examination of the surroundings during the time of this study (1987-1988) indicates nearby
sources were omitted in the Lovett modeling study.  One in particular, the coal-fired Bowline Point
Generating Station, situated approximately 6 km south-southwest of the Lovett Power Plant, could
result (by its omission in the modeling) in some apparent (but false) model under-prediction, on the


19 Paumier, J. O., S. G. Perry, and D. J. Burns.  CTDMPLUS: A dispersion model for sources near complex
topography. Part II: Performance characteristics. J. Appl. Meteor., 31, 646–660. (1992)
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order of 5% based upon modeling exercises conducted by the North Carolina Department of
Environmental and Natural Resources (NCDENR)20.


Figure 4-1: Map of Lovett Power Plant and Monitor Locations


20 Personal communication by Steven Lund, NCDENR to Robert Paine of AECOM, November 11, 2015.
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Table 4-1: Stack Parameters for SO2 Used in Lovett Study


Table 4-2: Onsite Meteorological Data for Lovett


Temperature Wind
Speed


Wind
Direction


Standard
deviation


horizontal wind


Standard deviation
w-component of


wind


10, 50, 100
meters


10, 50, 100
meters


10, 50, 100
meters


10, 50, 100
meters 10, 100 meters


4.2 Results of the 99th Percentile Concentration Comparison
To be more consistent with the form of the 1-hour NAAQS, the 4th highest (99th percentile) daily peak
1-hour SO2 concentrations observed at each monitor location were compared against the model-
predicted concentrations of similar rank.  Summarized in Table 4-3 are the predicted concentrations
determined using model default and low wind options as previously outlined in Section 4.1.  These
results are also graphically plotted in Figure 4-2.  The overall results indicate the following:


 All but one modeling scenario had highest (100th percentile) SO2 concentrations below
observed for all monitor sites.


 The modeling scenario using low wind options, but without turbulence, had an overall
maximum 4th highest daily 1-hour concentration across all monitors greater than the overall
highest observed.


Emission
Source


Typical SO2
Emission
Rate (g/s)


Stack
Height


(m)


Typical Gas
Exit


Temperature
(K)


Typical Gas
Exit Velocity


(m/s)


Stack
Diameter


(m)


Stack for Units
4 and 5


312.6
(hourly values


used)


145 382
(hourly values


used)


23.1
(hourly values


used)


4.5
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Table 4-3: 4th Highest Daily Peak 1-hour SO2 Concentrations (µg/m3)


TIMP3 DD4 DD5 DD6 DD7 DD8 DD9 DD10 DD11
Highest


Concentration


Observed 187.30 139.70 83.20 247.90 171.10 130.10 158.70 165.40 73.30 247.90


AERMOD
Default 104.76 183.55 132.85 240.64 230.85 165.25 83.22 189.22 78.92 240.64


AERMOD
Default, no
Turbulence


174.52 370.54 205.86 392.96 395.00 226.13 115.57 290.41 114.97 395.00


AERMOD,  all
low wind


options, all
turbulence
included


96.76 165.83 148.63 210.48 219.05 196.48 64.64 181.43 61.99 219.05


AERMOD, all
low wind


options, no
Turbulence


148.41 296.01 180.73 269.02 244.87 222.95 96.59 181.43 92.46 296.01


AERMOD, all
low wind


options, no
horiz.


Turbulence


121.53 236.50 185.24 228.84 238.23 223.67 95.03 172.84 92.88 238.23


AERMOD
ADJ_U*, all
turbulence
included


104.76 182.36 155.80 240.91 233.71 259.25 83.22 204.87 78.92 259.25


AERMOD
ADJ_U*, no
Turbulence


151.62 334.63 194.96 329.60 286.02 227.12 115.57 254.73 114.97 334.63


AERMOD
ADJ_U*, no


horiz.
Turbulence


145.04 275.12 187.02 273.15 294.85 227.85 97.56 226.25 108.16 294.85
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Figure 4-2: Histogram of the 4th Highest Daily Peak 1-hour SO2 Concentrations


4.3 Additional Discussion of Evaluation Results
Based on the methodology presented in the Sierra Club Sears report, AECOM attempted to replicate
the robust highest concentration (RHC) results using AERMOD 15181 default and LOWWIND3
across all monitors.







AECOM Environment


Supplemental Evaluation of AERMOD Low Wind Options for Selected Full-Year Stack Databases February 2016


4-6


 4-4 summarizes the RHC values for the Sierra Club and our runs, which were very similar for both
modeling scenarios.  Therefore, we are satisfied that we were able to replicate the Sierra Club results,
using their evaluation procedures.


The next step in our study was to investigate alternative evaluation approaches for the predicted and
observed concentrations.  We computed RHC statistics for the highest 1-hour concentration (using all
hourly values; see Table 4-5), the 4th highest 1-hour concentration (discarding the top 3 values, but
using all hourly values; see Table 4-6), and the 4th highest daily maximum 1-hour averaging periods of
SO2 concentrations for each monitoring site (see Table 4-7).  A geometric mean of these ratios was
then calculated to gain a better understanding of the overall model performance that accounts for all
monitors.


The evaluation results indicate a slight under-prediction by the model using default and low wind
model options using all turbulence data.  The model over-predicts for the modeling runs that omit all
turbulence or only the horizontal turbulence.  We also include modeling results with the AERMOD
default options, but with turbulence omitted, to reflect the modeling performance with input data similar
to National Weather Service airport data.  That model runs shows a substantial over-prediction
tendency, indicating the benefits of the use of observed turbulence data, and the need without such
data to employ the low wind options for improved AERMOD model performance.


To provide a graphical depiction of the performance of the model options for predicting the 1-hour SO2
NAAQS, we computed and then ranked the 99th percentile peak daily 1-hour maximum concentration
– the “design concentration” - (both predicted and observed) for each of the 9 monitors.  We then
ranked the 9 observed and predicted values independently and plotted the ranked pairs as a Q-Q plot
for each model tested:


Figure 4-3 for AERMET Default / AERMOD Default, including all observed turbulence;


Figure 4-4 for AERMET Default/ AERMOD Default with all observed turbulence removed;


Figure 4-5 for AERMET ADJ_U* / AERMOD LOWWIND3, including all observed turbulence;


Figure 4-6 for AERMET ADJ_U* / AERMOD LOWWIND3 with all observed turbulence
removed; and


Figure 4-7 for AERMET ADJ_U* / AERMOD LOWWIND3 with observed horizontal
turbulence removed, but retaining the vertical turbulence data.


Figure 4-8 for AERMET ADJ_U* / AERMOD Default, including all observed turbulence;


Figure 4-9 for AERMET ADJ_U* / AERMOD Default, with all observed turbulence removed;
and


Figure 4-10 for AERMET ADJ_U* / AERMOD Default, with observed horizontal turbulence
removed, but retaining the vertical turbulence data.


In each of these figures, the key plotted point (paired predicted and observed design concentrations)
is circled in red.  A model that has this point at or above the “perfect” 1:1 predicted/observed line is
unbiased or conservative.  Due to the fact that SO2 monitored concentrations can have a 10%
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uncertainty due to calibration tolerances permitted by EPA21, it is possible that predicted/observed
ratios within 10% of 1.0 are unbiased.


The results shown in Figure 4-3 to 4-10 indicate that the modeling options for default AERMOD with
turbulence included, both low wind options with only vertical turbulence included, or just the ADJ_U*
option with all turbulence included are nearly unbiased for this test.  The default model with no
turbulence is approaching a factor-of-2 over-prediction and it is the worst-performing model.  The low
wind option run (both ADJ_U* and LOWWIND3) with full turbulence shows a slight under-prediction,
but with consideration of Bowline Point impacts, it could be within the 10% uncertainty range for an
unbiased model.  The model with both low wind options and no turbulence shows a modest over-
prediction.  If only ADJ_U* is used, then the use of full turbulence input shows a modest
overprediction, and eliminating all turbulence leads to overpredictions.    Therefore, it appears that the
only case in which horizontal (but not vertical) turbulence should be removed (to prevent
underpredictions) from input to AERMOD is in the case for which both ADJ_U* and LOWWIND3 are
employed.


Supplemental Q-Q plots are provided in Appendix A.  These plots include the ranked top twenty-six
1-hour SO2 concentrations across all nine monitors (similar to the Sierra Club plot), as well as similar
Q-Q plots for each of the separate monitors.


21 U.S. Environmental Protection Agency.  2013. Quality Assurance Handbook for Air Pollution Measurement
Systems, Volume II, Ambient Air Quality Monitoring Program.
http://www.epa.gov/ttnamti1/files/ambient/pm25/qa/QA-Handbook-Vol-II.pdf.
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Table 4-4: Comparison of Modeled RHC/Monitored RHC Values for the Modeled Scenarios Presented in
Sierra Club Sears Report to AECOM for 1-hour SO2 Across All Monitors for Lovett Study.


Modeling Options Sierra Club
(Sears)


AECOM


AERMOD 15181 0.77 0.76


AERMOD 15181, ADJ_U*, LOWWIND3 (0.3,0.5,0.95) 0.79 0.78


Table 4-5: Predicted-to-Observed Ratio of RHC (100th Percentile) 1-hour SO2 Concentrations at Each
Monitor for Lovett Using All Hours


Monitor


AERMOD
15181,


Default,
all turb.


AERMOD
15181,


Default,
no turb.


AERMOD
15181, all
low wind
options,
all turb.


AERMOD
15181, all
low wind
options,
no turb.


AERMOD
15181, all
low wind


options, no
horiz. turb.


AERMOD
15181,


ADJ_U*, all
turb.


AERMOD
15181,


ADJ_U*, no
turb.


AERMOD
15181,


ADJ_U*, no
horiz. turb.


TIMP3 0.57 1.20 0.47 0.79 0.75 0.54 0.96 0.90


DD4 1.03 2.39 0.86 2.13 1.44 0.93 2.10 1.55


DD5 1.81 2.63 1.99 2.44 2.46 2.29 2.64 2.72


DD6 0.77 1.33 0.73 0.98 0.80 0.83 1.12 0.95


DD7 1.02 1.86 0.95 1.18 1.04 1.21 1.59 1.38


DD8 1.26 1.74 1.66 1.39 1.34 1.84 1.54 1.56


DD9 0.45 0.69 0.37 0.58 0.54 0.45 0.69 0.61


DD10 1.21 2.27 1.24 1.35 1.24 1.42 1.87 1.67


DD11 1.03 2.04 0.87 1.33 1.29 1.00 1.98 1.83


Geometric
Mean 0.94 1.67 0.89 1.24 1.11 1.03 1.49 1.35
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Table 4-6: Predicted-to-Observed Ratio of Robust 4th Highest Concentration (R4HC) for Each Monitor at
Lovett  using All Hourly Values


Table 4-7: Ratio of Predicted-to-Observed Robust 4th Highest Daily Peak Concentration (R4HC; 99th


Percentile) for Each Monitor at Lovett.


Monitor


AERMOD
15181,


Default,
all turb.


AERMOD
15181,


Default,
no turb.


AERMOD
15181, all
low wind
options,
all turb.


AERMOD
15181, all
low wind
options,
no turb.


AERMOD
15181, all
low wind


options, no
horiz. turb.


AERMOD
15181,


ADJ_U*, all
turb.


AERMOD
15181,


ADJ_U*, no
turb.


AERMOD
15181,


ADJ_U*, no
horiz. turb.


TIMP3 0.62 1.20 0.46 0.79 0.75 0.58 0.60 0.57
DD4 0.98 2.39 0.81 2.13 1.44 0.87 2.48 1.56
DD5 1.72 2.63 1.98 2.44 2.46 2.33 2.87 2.76
DD6 0.80 1.33 0.67 0.98 0.80 0.76 1.16 0.84
DD7 1.30 1.86 1.17 1.18 1.04 1.52 1.87 1.61
DD8 1.22 1.74 1.53 1.39 1.34 1.76 1.39 1.35
DD9 0.41 0.69 0.33 0.58 0.54 0.41 0.70 0.69
DD10 1.17 2.27 1.34 1.35 1.24 1.47 1.95 1.81
DD11 1.20 2.04 0.95 1.33 1.29 1.15 1.85 1.80
Geometric
Mean 0.97 1.67 0.90 1.24 1.11 1.06 1.47 1.29


Monitor


AERMO
D 15181,
Default,
all turb.


AERMOD
15181,


Default,
no turb.


AERMOD
15181, all
low wind
options,
all turb.


AERMOD
15181, all
low wind
options,
no turb.


AERMOD
15181, all
low wind


options, no
horiz. turb.


AERMOD
15181,


ADJ_U*, all
turb.


AERMOD
15181,


ADJ_U*, no
turb.


AERMOD
15181,


ADJ_U*,
no horiz.


turb.
TIMP3 0.53 0.62 0.40 0.58 0.52 0.47 0.51 0.53
DD4 1.49 3.19 1.26 2.49 1.83 1.40 3.08 2.16
DD5 1.55 2.85 2.13 2.18 2.06 2.26 2.74 2.40
DD6 0.81 1.46 0.63 1.00 0.79 0.69 1.25 0.92
DD7 1.29 1.86 1.29 1.42 1.18 1.33 1.65 1.61
DD8 1.03 1.47 1.63 1.19 1.27 1.84 1.23 1.28
DD9 0.38 0.60 0.32 0.52 0.57 0.38 0.60 0.63
DD10 1.23 2.22 1.33 1.26 1.18 1.41 1.72 1.57
DD11 1.24 1.95 0.94 1.64 1.70 1.19 1.96 2.02


Geometric
Mean


0.97 1.57 0.94 1.21 1.11 1.06 1.41 1.30
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Figure 4-3: Q-Q Plot of the Ranked 4th Highest (99th Percentile) Daily 1-hour SO2 Concentrations for Each
Monitor Using AERMOD Default (Full Turbulence Used)


Figure 4-4: Q-Q Plot of the Ranked 4th Highest (99th Percentile) Daily 1-hour SO2 Concentrations for Each
Monitor Using AERMOD Default (No Turbulence)
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Figure 4-5: Q-Q Plot of the Ranked 4th Highest (99th Percentile) Daily 1-hour SO2 Concentrations for Each
Monitor Using ADJ_U* and LOWWIND3 (All Turbulence Used)


Figure 4-6: Q-Q Plot of the Ranked 4th Highest (99th Percentile) Daily 1-hour SO2 Concentrations for Each
Monitor Using AERMOD LOWWIND3 (No Turbulence)
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Figure 4-7: Q-Q Plot of the Ranked 4th Highest (99th Percentile) Daily 1-hour SO2 Concentrations for Each
Monitor Using AERMOD LOWWIND3 (No Horizontal Turbulence)


Figure 4-8: Q-Q Plot of the Ranked 4th Highest (99th Percentile) Daily 1-hour SO2 Concentrations for Each
Monitor Using AERMOD with ADJ_U* (All Turbulence Used)
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Figure 4-9: Q-Q Plot of the Ranked 4th Highest (99th Percentile) Daily 1-hour SO2 Concentrations for Each
Monitor Using AERMOD with ADJ_U* (No Turbulence)


Figure 4-10: Q-Q Plot of the Ranked 4th Highest (99th Percentile) Daily 1-hour SO2 Concentrations for Each
Monitor Using AERMOD with ADJ_U* (No Horizontal Turbulence)
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5.0   Clifty Creek Evaluation Results


5.1 Description of Field Study Setting
The Clifty Creek Power Plant is located in rural southern Indiana along the Ohio River with
emissions from three 208-m stacks during this study.  The area immediately north of the facility is
characterized by cliffs rising about 115 m above the river and intersected by creek valleys.  Six
nearby SO2 monitors (out to 16 km from the stacks) provided hourly averaged concentration data.
A map of the terrain overlaid with the monitoring sites is shown in Figure 5-1.  Hourly-varying
emissions were provided for the three stacks.  Typical full-load emissions and stack parameters are
summarized in Table 5-1.  Meteorological data from a nearby 60-m tower for 1975 were used in this
evaluation study.  The meteorological data included winds at 60 m and temperature at 10 m, as
listed in Table 5-2.  The onsite meteorological tower did not include turbulence measurements.
This database was also used in a major EPA-funded evaluation of rural air quality dispersion
models in the early 1980s22.


AERMET/AERMOD version 15181 was run using the following two configuration options;


 AERMET Default / AERMOD Default


 AERMET ADJ_U* / AERMOD LOWWIND3


The model option parameters (0.3, 0.5, 0.95) were selected for the LOWWIND3 model runs,
consistent with the Sierra Club report.


22 TRC.  Evaluation of Rural Air Quality Simulation Models.  EPA-450/4-83-003 (NTIS # PB83-182758), prepared
for Environmental Protection Agency, Research Triangle Park, NC. (1982)
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Figure 5-1: Map of Clifty Creek Power Plant and Monitor Locations
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Table 5-1: Typical Full-Load Stack Parameters for Clifty Creek


Table 5-2: Onsite Meteorological Data for Clifty Creek


Temperature Wind Speed Wind
Direction


10 meters 60 meter 60 meter


5.2 Results of the 99th Percentile Concentration Comparison
The  4th highest (99th percentile) daily peak 1-hour SO2 concentrations observed at each monitor
location were compared against the model-predicted concentrations.  This comparison was performed
for AERMOD version 15181 default and the low wind options.  The 1-hour SO2 design concentrations
for the Clifty Creek evaluation database are summarized in Table 5-3 and graphically plotted in
Figure 5-2.


The overall results indicate the following:


 The highest design concentration over all monitor sites for both default and low wind options
are higher than its observed counterpart.


 The AERMOD v15181 default highest design concentration from all monitor sites is greater
than the low wind result.


 Model-predicted design concentrations being higher or lower than observed were relatively
evenly split across the six monitors.


Table 5-3: 4th Highest Daily Peak 1-hour SO2 Concentrations (µg/m3)


Emission
Source


SO2


Emission
Rate (g/s)


Stack
Height


(m)


Gas Exit
Temperature


(K)


Gas Exit
Velocity


(m/s)


Stack
Diameter


(m)
Stack 1 3600 207.9 445.37 53.0 4.63


Stack 2 3600 207.9 445.37 54.0 4.63


Stack 3 3600 207.9 445.37 53.0 4.63


Monitor
1


Monitor
2


Monitor
3


Monitor
4


Monitor
5


Monitor
6


Highest
Concentration


Observed 663.00 733.00 877.00 681.00 399.00 600.00 877.00
AERMOD  Default 600.56 738.08 1078.70 660.46 903.24 707.67 1078.70
AERMOD low wind


options 500.76 619.04 904.16 563.44 705.70 619.22 904.16
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Figure 5-2: Histogram of the 4th Highest Daily Peak 1-hour SO2 Concentrations


5.3 Results of RHC Statistics and Q-Q Plots
RHC statistics were calculated for the top twenty-six 1-hour, 4th highest 1-hour (using all hours), and
4th highest daily 1-hour averaging periods of SO2 concentrations for each monitor site.  A geometric
mean of these ratios were then calculated to gain a better understanding of the overall model
performance.  The results are summarized in Table 5-4 (1-hour), Table 5-5 (4th highest 1-hour, using
all hours), and Table 5-6 (4th highest daily 1-hour peak).  Overall, the results indicate the two modeling
approaches are nearly unbiased, with the default run slightly over-predicting, while the low wind
options run is slightly under-predicting.  The results are generally within the 10% uncertainty for
monitored SO2 concentrations.


To provide a graphical depiction of the performance of the model options for predicting the 1-hour SO2
NAAQS, we computed and then ranked the 99th percentile peak daily 1-hour maximum concentration
(both predicted and observed) for each of the 6 monitors.  We then ranked the 6 observed and
predicted values independently and plotted the ranked pairs as a Q-Q plot for each model tested:


Figure 5-3 for AERMET Default / AERMOD Default, and


Figure 5-4 for AERMET ADJ_U* / AERMOD LOWWIND3.


An examination of the circled point in each figure (paired predicted and observed design
concentrations) indicates that both modeling approaches over-predict for the controlling design
concentration, but the default model over-predicts more.


Supplemental Q-Q plots are provided in Appendix B.  These plots include the ranked top twenty-six
1-hour SO2 concentrations across all six monitors, as well as similar Q-Q plots for each of the
separate monitors.
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Table 5-4: Predicted-to-Observed Ratio of RHC (100th Percentile) 1-hour SO2 Concentrations at Each
Monitor for Clifty Creek Using All Hours


Table 5-5: Predicted-to-Observed Ratio of Robust 4th Highest Concentration (R4HC) for Each Monitor at
Clifty Creek Using All Hourly Values


Table 5-6: Ratio of Predicted-to-Observed Robust 4th Highest Daily Peak Concentration (R4HC; 99th


Percentile) for Each Monitor at Clifty Creek


Monitor
AERMOD 15181


Default
AERMOD 15181


LOWWIND3


1 0.88 0.74
2 1.06 0.85
3 1.03 0.85
4 0.89 0.75
5 2.21 1.69
6 0.83 0.73


Geometric Mean 1.08 0.89


Monitor
AERMOD 15181


Default
AERMOD 15181


LOWWIND3


1 0.96 0.81
2 0.88 0.72
3 1.11 0.90
4 0.85 0.71
5 2.49 1.77
6 1.04 0.85


Geometric Mean 1.13 0.91


Monitor
AERMOD 15181


Default
AERMOD 15181


LOWWIND3


1 0.81 0.79
2 0.86 0.75
3 1.30 1.06
4 0.75 0.65
5 2.47 1.62
6 1.35 1.08


Geometric Mean 1.14 0.94
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Figure 5-3: Q-Q Plot of the Ranked 4th Highest (99th Percentile) Daily 1-hour SO2 Concentrations for Each
Monitor Using AERMOD Default


Figure 5-4: Q-Q Plot of the Ranked 4th Highest (99th Percentile) Daily 1-hour SO2 Concentrations for Each
Monitor Using ADJ_U* and LOWWIND3
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6.0   Kincaid Evaluation Results


6.1 Description of Field Study Setting
The Kincaid SO2 study (Liu and Moore23; Bowne et al.24) was conducted at the Kincaid Generating
Station in central Illinois, about 25 km southeast of Springfield, Illinois.  It involved a buoyant,
continuous release of SO2 from a 187-m stack in rural flat terrain.  The study included about seven
months of data between April 1980 and June 1981 (a total of 4,614 hours of samples).  There were
28 operational SO2 monitoring stations providing 1-hour averaged samples from about 2 km to 20
km downwind of the stack.  A map of the terrain overlaid with the monitoring sites is shown in
Figure 6-1.  Typical full-load emission rate and stack parameters are summarized in Table 6-1.
Meteorological data (Table 6-2) included wind speed, direction, horizontal turbulence, and
temperature from a tower instrumented at 2, 10, 50, and 100 m levels, and nearby National
Weather Service (NWS) data.  Vertical turbulence measurements were also included in the onsite
tower data at 100 m level.


AERMET/AERMOD version 15181 was tested using the following five configuration options;


 AERMET Default / AERMOD Default, including all observed turbulence;


 AERMET Default/ AERMOD Default with all observed turbulence removed;


 AERMET ADJ_U* / AERMOD LOWWIND3, including all observed turbulence;


 AERMET ADJ_U* / AERMOD LOWWIND3 with all observed turbulence removed; and


 AERMET ADJ_U* / AERMOD LOWWIND3 with observed horizontal turbulence removed, but
retaining the vertical turbulence data.


The EPA-proposed model option parameters (0.3, 0.5, 0.95) were selected for the LOWWIND3 model
runs, consistent with the Sierra Club evaluation analysis.


6.2 Database Limitation for Kincaid
A review of nearby sources to the Kincaid plant has revealed two nearby emission sources that
were not included in the EPRI evaluation database, but which appear to significantly contribute to
the measured (observed) SO2 concentrations.  These sources include a coal mine preparation plant
(likely using with a coal-fired dryer) located just west of Kincaid approximately 2 km and a coal-fired
power plant (Dallman, owned and operated by the city of Springfield, Illinois) located along the
northwest shore of Lake Springfield (approximately 20 km from Kincaid; 1980 SO2 emissions
exceeded 25,000 tons).  These sources are denoted as orange triangles in Figure 6-1.


23 Liu, M. K., and G. E. Moore. Diagnostic validation of plume models at a plains site. EPRI Report No. EA-3077,
Research Project 1616-9, Electric Power Research Institute, Palo Alto, CA. (1984)


24 Bowne, N. E., R. J. Londergan, D. R. Murray, and H. S. Borenstein. Overview, Results, and Conclusions for
the EPRI Plume Model Validation and Development Project: Plains Site. EPRI Report EA-3074, Project 1616-1,
Electric Power Research Institute, Palo Alto, CA, 234 pp. (1983)
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Figure 6-1: Map of Kincaid and Monitor Locations, Along with Nearby Emission Sources Omitted from
the Evaluation Database
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Table 6-1: Typical Full-Load Stack Parameters used in Kincaid Study


Table 6-2: Onsite Meteorological Data for Kincaid


Temperature Wind
Speed


Wind
Direction


Standard
deviation


horizontal wind


Standard deviation
w-component of


wind


10, 30, 50, 100
meters


10, 30, 50,
100 meters


10, 30, 50,
100 meters


10, 30, 50, 100
meters 100 meters


A review of the monitor-by-monitor difference between modeled and observed design concentrations
indicates that monitors near unaccounted-for nearby sources of SO2 are significantly affecting the
modeling results.  From Figure 6-1, it is clear that monitors C, G, F, 1, and B are relatively close to the
Dallman plant in the northwestern part of the field study domain.  Figure 6-2 shows significant
apparent under-predictions at these monitors.  It is also evident that monitors 6, 7, and 10 are
relatively close to the local coal preparation plant, and Figure 6-2 shows significant apparent under-
predictions at these monitors.


Since there appear to be significant contributions from un-modeled SO2 sources, this evaluation
database, without a correction to add the unmodeled sources, is not appropriate for inclusion in this
study.  The analysis needed to determine the magnitude of the unmodeled emissions is beyond the
scope of this study.  Although the Kincaid SO2 experiment may be seriously compromised without
information the unmodeled sources, it may be possible to reasonably estimate the approximate
magnitude of the emission sources that were missed for future updates of this database.  In contrast,
the Kincaid SF6 study is not similarly affected because of the single source of this tracer release.
However, the extent of the time period covered by the intensive Kincaid tracer study is much less than
that of the SO2 study.


Emission
Source


SO2
Emission
Rate (g/s)


Stack
Height


(m)


Gas Exit
Temperature


(K)


Gas Exit
Velocity


(m/s)


Stack
Diameter


(m)
Stack 1 10000 187 422 30 9
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Figure 6-2: Histogram of the Difference Between 3rd Highest Daily 1-hour Peak SO2 Concentrations
Observed to Predicted at Each Monitor (a) Monitors A-N; (b) Monitors O-T, 1-10.
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7.0   Review of North Dakota and Gibson Low Wind
Evaluations


Evaluation of the low wind modeling approaches for North Dakota and Gibson Generating Station are
described in details in a November 2015 Journal of the Air & Waste Management Association article25.
This section presents a brief summary of the databases and the evaluation results.


7.1 Description of Field Study Setting for Mercer County, North Dakota
An available 4-year period of 2007-2010 was used for the Mercer County, ND database with five SO2
monitors within 10 km of two nearby emission facilities (Antelope Valley and Dakota Gasification
Company), site-specific meteorological data at the DGC#12 site (10-m level data in a low-cut grassy
field in the location shown in Figure 7-1), and hourly emissions data from 15 point sources.  The
terrain in the area is rolling and features three of the monitors (Beulah, DGC#16, and especially
DGC#17) being above or close to stack top for some of the nearby emission sources. Figure 7-1
shows a layout of the sources, monitors, and the meteorological station. Tables 7-1 and 7-2 provide
details about the emission sources and the monitors.  Although this modeling application employed
sources as far away as 50 km, the proximity of the monitors to the two nearby emission facilities
meant that emissions from those facilities dominated the impacts.


AERMOD (version 15181) was run (default and LOWWIND3 option) to compute the 1-hour daily
maximum 99th percentile averaged over one year (1975) at the nine ambient monitoring locations.


7.2 Description of Field Study Setting for Gibson Generating Station,
Indiana


An available 3-year period of 2008-2010 was used for the Gibson Generating Station in southwest
Indiana with four SO2 monitors within 6 km of the plant, airport hourly meteorological data (from
Evansville, Indiana 1-minute data, located about 40 km SSE of the plant), and hourly emissions data
from one electrical generating station (Gibson).  The terrain in the area is quite flat and the stacks are
tall. Figure 7-2 depicts the locations of the emission source and the four SO2 monitors. Tables 7-1
and 7-2 provide details about the emission sources and the monitors.   Due to the fact that there are
no major SO2 sources within at least 30 km of Gibson, we modeled emissions from only that plant.


25  Robert Paine, Olga Samani, Mary Kaplan, Eladio Knipping, Naresh Kumar. 2015. Evaluation of low wind
modeling approaches for two tall-stack databases, Journal of the Air & Waste Management Association, 65:11,
1341-1353, http://www.tandfonline.com/doi/full/10.1080/10962247.2015.1085924







AECOM Environment


Supplemental Evaluation of AERMOD Low Wind Options for Selected Full-Year Stack Databases February 2016


7-2


Figure 7-1: Map of North Dakota Model Evaluation Layout
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Figure 7-2: Map of Gibson Model Evaluation Layout
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Table 7-1: Source Information for North Dakota and Gibson


Data


Base


Source


ID
UTM X (m) UTM Y (m)


Base Elev.


(m)
Stack


Height (m)
Exit Temp


(K)


Stack


Diameter


(m)


ND Antelope Valley 285920 5250189 588.3 182.9 Vary 7.0


ND Antelope Valley 285924 5250293 588.3 182.9 Vary 7.0


ND Leland Olds 324461 5239045 518.3 106.7 Vary 5.3


ND Leland Olds 324557 5238972 518.3 152.4 Vary 6.7


ND Milton R Young 331870 5214952 597.4 171.9 Vary 6.2


ND Milton R Young 331833 5214891 600.5 167.6 Vary 9.1


ND Coyote 286875 5233589 556.9 151.8 Vary 6.4


ND Stanton 323642 5239607 518.2 77.7 Vary 4.6


ND Coal Creek 337120 5249480 602.0 201.2 Vary 6.7


ND Coal Creek 337220 5249490 602.0 201.2 Vary 6.7


ND
Dakota
Gasification
Company


285552 5249268 588.3 119.8 Vary 7.0


ND
Dakota
Gasification
Company


285648 5249553 588.3 68.6 Vary 0.5


ND
Dakota
Gasification
Company


285850 5248600 588.3 76.2 Vary 1.0


ND
Dakota
Gasification
Company


285653 5249502 588.3 30.5 Vary 0.5


Gibson Gibson 1 432999 4247189 119.0 189.0 327.2 7.6


Gibson Gibson 2 432999 4247189 119.0 189.0 327.2 7.6


Gibson Gibson 3 432923 4247251 118.5 189.0 327.2 7.6


Gibson Gibson 4 432886 4247340 117.9 152.4 327.2 7.2


Gibson Gibson 5 432831 4247423 116.3 152.4 327.2 7.2


Notes: SO2 emission rate and exit velocity vary on hourly basis for each modeled source.  Exit temperature varies by hour for
the ND sources. UTM zones are 14 for North Dakota and 16 for Gibson.
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Table 7-2: Monitor Locations


Data


base
Monitor


UTM X


(m)


UTM Y


(m)


Monitor
Elevation


(m)


ND DGC#12 291011 5244991 593.2


ND DGC#14 290063 5250217 604.0


ND DGC#16 283924 5252004 629.1


ND DGC#17(a) 279025 5253844 709.8


ND Beulah 290823 5242062 627.1


Gibson Mt. Carmel 432424 4250202 119.0


Gibson East Mt.
Carmel 434654 4249666 119.3


Gibson Shrodt 427175 4247182 138.0


Gibson Gibson Tower 434792 4246296 119.0
(a) This monitor’s elevation is above stack top for several of the ND sources.


7.3 Results of the 99th Percentile Concentration Comparison for Mercer
County, North Dakota


The  4th highest daily peak 1-hour SO2 concentrations observed at each monitor location were
compared against the modeled concentrations.  This comparison was performed for AERMOD
version 15181 default and also with the ADJ_U* and LOWWIND3 options.  The 1-hour SO2 design
concentrations for the North Dakota evaluation database are summarized in Table 7-3 and graphically
plotted in Figure 7-3.  Figure 7-3 displays the 4th highest daily peak SO2 observed and predicted
concentrations paired in space.  These charts indicate that at all the sites the model-predicted values
are higher than the observed.  The overall results indicate the following:


 The highest design concentration from all monitor sites for both default and low wind options
are higher than observed.


 The AERMOD v15181 default highest design concentration from all monitor sites is greater
than the ones using the low wind options.


 For the monitors in simple terrain (DGC#12, DGC#14, and Beulah), the evaluation results
were similar for both the default and the low wind options.


 The evaluation result for the monitor in the highest terrain (DGC#17) shows that the ratio of
modeled to monitored concentration is more than 2, but when this location is modeled with
the low wind options, the ratio is significantly better, at less than 1.3.
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Table 7-3: 4th Highest Daily Peak 1-hour SO2 Concentrations (µg/m3) for North Dakota


DGC #12 DGC #14 DGC #16 DGC #17 Beulah
Highest


Concentration


Observed 91.52 95.00 79.58 83.76 93.37 95.00


Default 110.77 117.51 120.30 184.49 120.31 184.49
Low wind
options 98.75 112.09 111.20 108.76 99.54 112.09


Figure 7-3: Histogram of the 4th Highest Daily Peak 1-hour SO2 Concentrations for North
Dakota


7.4 Results of the 99th Percentile Concentration Comparison for Gibson
Generating Station


The 4th highest daily peak 1-hour SO2 concentrations observed at each monitor location are compared
against the model-predicted concentration and are summarized in Table 7-4 and graphically plotted in
Figure 7-4. Figure 7-4 display the 4th highest daily peak SO2 concentrations observed to model-
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predicted paired in space.  These charts indicate that at all the sites the model-predicted values are
higher than the observed.  The overall results indicate the following:


 The highest design concentration from all monitor sites for both default and low wind options
are higher than observed.


 The AERMOD v15181 default highest design concentration from all monitor sites is greater
than that for the low wind options.


 The ratios of the modeled to monitored concentrations are generally greater than 1.0.  The
default option over- predicts by about 41-52% at Mt. Carmel and Gibson Tower monitors and
by about 12-28% at East Mt. Carmel and Shrodt monitors.  The low wind options reduce the
over-predictions to 5-16% at Mt. Carmel and Gibson Tower monitors and by about 12-28% at
East Mt. Carmel and Shrodt monitors


Table 7-4: 4th Highest Daily Peak 1-hour SO2 Concentrations for Gibson


Mt.
Carmel


East Mt.
Carmel Shrodt


Gibson
Tower


Highest
Concentration


Observed 197.25 206.89 148.16 127.12 206.89


Default 278.45 230.74 189.63 193.71 278.45
Low wind
options 276.12 217.05 175.42 175.92 276.12
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Figure 7-4: 4th Highest Daily Peak 1-hour SO2 Concentrations for Gibson


7.5 Results of Q-Q Plots for Mercer County, North Dakota
The Q-Q plots of the 99th percentile peak daily 1-hour SO2 concentrations for predictions and
observations are shown in Figure 7-5.  AERMOD with default options shows more than a factor of
2 over-prediction for one of the monitors (DGC#17 is located in complex terrain) and significant
improvement with low wind options.  All of the points for each model are higher than the 1:1 line,
indicating over-prediction for both modeling approaches, but less over-prediction for the low wind
options.


Supplemental Q-Q plots are provided in Appendix C.  These plots include ranked top twenty-six
1-hour SO2 concentrations across all five monitors.


7.6 Results of Q-Q Plots for Gibson Generating Station
The Q-Q plots of the ranked 99th percentile peak daily 1-hour SO2 concentrations for predictions and
observations are shown in Figure 7-6.  AERMOD with default options exhibits an over-prediction
tendency at all of the monitors.  The low wind options reduce over-predictions at all monitors.


Supplemental Q-Q plots are provided in Appendix D.  These plots include ranked top twenty-six
1-hour SO2 concentrations across all four monitors.
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Figure 7-5: North Dakota Q-Q Plot of the 99th Percentile 1-hour SO2 Concentrations Across All Monitors


Figure 7-6: Gibson Q-Q Plot of the 99th Percentile 1-hour SO2 Concentrations Across All Monitors
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8.0   Conclusions


The model evaluation for AERMOD’s low-wind options was conducted in this study to target the 1-
hour SO2 design concentration (99th percentile daily maximum 1-hour concentration per year).  This
statistic is more pertinent for tall combustion sources than the RHC statistic established by EPA in the
early 1990’s decades due to the promulgation in 2010 of short-term probabilistic standards for SO2
and NOx.


Model evaluation results are considered for the latest version of AERMOD (version 15181) on all of
the tall-stack databases discussed in this report (except for Kincaid SO2, which is set aside due to
source inventory problems).  The results for the four remaining databases show that the proposed low
wind options (ADJ_U* and LOWWIND3) over-predict the 1-hour SO2 design concentration, while the
default model over-predicts to a greater degree.  This is especially the case in complex terrain (Lovett)
without site-specific turbulence data.


Of the four databases considered, only one (Lovett) had turbulence data, and AERMOD with only
vertical turbulence data performed well (virtually unbiased) for the low wind options, while the use of
both vertical and horizontal turbulence resulted in slight under-prediction if both the ADJ_U* and
LOWWIND3 options were employed.  If only the ADJ_U* option was employed, then the use of full
turbulence data led to a slight overprediction, and exclusion of turbulence led to higher
overpredictions.


Based on these results, we conclude for the four tall-stack databases reviewed in this study that the
use of low wind options (ADJ_U* and LOWWIND3) will modestly over-predict the 1-hour SO2 design
concentration if observed horizontal turbulence data is not used.  This finding indicates that the
LOWWIND3 option plus inclusion of horizontal turbulence measurements may tend to overcorrect for
wind meander.  Since the LOWWIND3 option does not affect the vertical plume spread, it is
appropriate to use the observed vertical turbulence measurements in conjunction with the low wind
options.   Also, if only the ADJ_U* option is used, then the use of both horizontal and vertical
turbulence (as shown in the case of Lovett) is acceptable.


This report augments information previously provided to EPA, which includes a peer-reviewed paper
involving the North Dakota and Gibson evaluations using ADJ_U* and LOWWIND23 as well as a
supplemental evaluation using LOWWIND3 after it became available4.  AECOM will complete the
peer-reviewed paper documentation involving LOWWIND3 by submitting the supplemental evaluation
as a “notebook paper” to the Journal of the Air & Waste Management Association later in February.


With this additional information that has now been provided, EPA has sufficient evaluation support to
proceed with their proposal to implement the ADJ_U* and LOWWIND3 options as default technical
options in AERMOD with the upcoming Appendix W rulemaking.  In the meantime, due to the many
ongoing modeling studies involving facilities affected by the implementation of the 1-hour SO2
NAAQS, EPA should issue guidance as soon as possible to signify  acceptance of the ADJ_U* and
LOWWIND3 options for such modeling in an effort to appropriately correct over predictions caused by
modeling artifacts.  This step will help to ensure that the most accurate AERMOD predictions result
from these modeling analyses.
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Supplemental Lovett Q-Q Plots
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Q-Q Plot of the Top 26 Ranked 1-hour SO2 Concentrations Across all Monitors Used in Lovett
Evaluation Study.
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Q-Q Plot Lovett Top 26 Ranked Daily Peak 1-hour SO2 Concentrations at Each Monitor. (1)
AERMOD v15181 (default) with turbulence. (2) AERMOD v15181 default without turbulence. (3)
AERMOD v15181 with ADJ_U* and LOWWIND3 with turbulence. (4) AERMOD v15181 with
ADJ_U* and LOWWIND3 without turbulence. (5) AERMOD v15181 with ADJ_U* and
LOWWIND3 without turbulence in the horizontal.  (6) AERMOD v15181 with ADJ_U* and full
turbulence (7) AERMOD v15181 with ADJ_U* without turbulence. (8) AERMOD v15181 with
ADJ_U* without turbulence in the horizontal.
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Supplemental Clifty Creek Q-Q
Plots
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Q-Q Plot of the Top 26 Ranked 1-hour SO2 Concentrations Across all Monitors Used in Clifty
Creek Evaluation Study.


Q-Q Plot Clifty Creek Top 26 Ranked Daily Peak 1-hour SO2 Concentrations at Each Monitor.
(1) AERMOD v15181 (default). (2) AERMOD v15181 with ADJ_U* and LOWWIND3.
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Appendix C


Supplemental North Dakota
Q-Q Plots
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Q-Q Plots of the Top 26 Highest 1-hour SO2 Concentrations at Each Monitor Location for
North Dakota. (1) AERMOD v15181; (2) AERMOD v15181 with ADJ_U* and LOWWIND3.







AECOM Environment


Supplemental Evaluation of AERMOD Low Wind Options for Selected Full-Year Stack Databases February 2016


Appendix D


Supplemental Gibson Q-Q
Plots
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Q-Q Plots of the Top 26 Highest 1-hour SO2 Concentrations at Each Monitor Location for
Gibson. (1) AERMOD v15181; (2) AERMOD v15181 ADJ_U* and LOWWIND3.
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1.  Introduction 


In 2010, the United States Environmental Protection Agency (EPA) promulgated1 a stringent 
National Ambient Air Quality Standard (NAAQS) for sulfur dioxide (SO2) with a 1-hour 
averaging time.  EPA’s implementation of this new standard has considered both monitoring 
and modeling approaches.  On March 20, 2015, EPA issued updated guidance2 to address 
implementation of the SO2 NAAQS, and that process is being followed in this analysis to 
provide information to the Missouri Department of Natural Resources (MDNR) regarding SO2 
concentrations in the vicinity of the Labadie Energy Center, operated by Ameren Missouri.   


In January 2014, EPA released3 the SO2 NAAQS Designations Modeling Technical Assistance 
Document and the Source-Oriented SO2 Monitoring Technical Assistance Document (TADs).  
EPA developed these documents to assist state, local, and tribal air agencies to characterize 
ambient SO2 air quality through modeling or monitoring in areas near emission sources.  The 
technical assistance and procedures provided in these documents have informed AECOM’s 
work to characterize SO2 concentrations in the vicinity of the Labadie Energy Center. 
 
The Labadie Energy Center (“Labadie”) is located about 50 km west of St. Louis, along the 
Missouri River, as shown in Figures 1 and 2 (the latter figure shows locations of historical SO2 
monitoring).  The plant’s 700-ft (213-m) stacks are well above the surrounding terrain (less 
than 120 m of relief), so that any dispersion modeling application involves simple terrain.   
 


2. Approach for Characterization of SO2 Concentrations Around Labadie 
 
Ameren Missouri and AECOM are employing a hybrid approach of both monitoring and 
modeling to characterize SO2 concentrations around Labadie.  The modeling path has been 
documented in a submittal4 by Ameren to MDNR provided on September 3, 2015.  The 
modeling showed a controlling 99th percentile peak daily 1-hour maximum concentration of 


                                                      


1
 75 FR 35520, Jun 22, 2010. 


2
 http://www.epa.gov/airquality/sulfurdioxide/pdfs/20150320SO2designations.pdf.  


3
 Available at http://www.epa.gov/oaqps001/sulfurdioxide/pdfs/SO2ModelingTAD.pdf and 


http://www.epa.gov/oaqps001/sulfurdioxide/pdfs/SO2MonitoringTAD.pdf.  


4
 AECOM, September 2015.  Characterization of 1-Hour SO2 Concentrations in the Vicinity of the Labadie Energy 


Center.  Document No. 60344380.100.   Submitted to MDNR docket for comments on SO2 designation for Labadie 


Energy Center. 
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193.0 µg/m3, compared to the NAAQS of 196.5 µg/m3.   As noted in the September 3, 2015 
submittal, the AERMOD model version has a documented overprediction tendency for certain 
light wind, morning conditions5 and actual monitored concentration levels are lower than 
modeled projections. 
 
Figure 1:  Photo of Labadie Energy Center 
 


 
 
Credit:  St. Louis Post-Dispatch; see http://www.stltoday.com/news/opinion/columns/the-
platform/labadie-power-plant/image_740dccb2-a72b-11df-ac73-00127992bc8b.html.  
 
 
An important aspect of the assessment of SO2 concentrations in the vicinity of an emission 
source is the review of available monitoring data.  For Labadie, this involves two periods: 
 


• Current monitoring initiated in April 2015 
 


• Previous multiple-year monitoring conducted during the 1980s and 1990s. 
 
Figure 2 shows the SO2 monitoring locations sited by MDNR that were in place during the 
period of 1987-1998 (through August 31, 1998).  During the last few years of this period (1995-


                                                      


5
 This condition involves plumes that rise or “penetrate” into the stable layer aloft.   This modeling issue was 


described by Paine at the 11
th
 EPA Modeling Conference; see 


http://www3.epa.gov/ttn/scram/11thmodconf/presentations/2-4_Penetrated_Plume_Issues.pdf.  
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1998), MDNR moved the monitor  to a location across the river from the power plant.  This 
second location is important because plant emissions during the relevant period were 
significantly reduced with the switch to low-sulfur coal obtained from the Powder River Basin 
(“PRB”) in response to the Clean Air Act’s Acid Rain Phase 1 requirements.  Notably, current 
emissions are below those in the mid-to-late 1990s. 
 
The location of the “Augusta” monitor during the 1995-1998 period is also important for two 
additional reasons.  First, the  distance of the “Augusta monitor, roughly 2 km from Labadie, is 
consistent with peak impacts measured near similar facilities in past field studies6. Second and 
equally as important, the monitor was sited in a direction with frequent winds from Labadie. In 
fact, the last 36 months of Augusta monitoring (September 1995 – August 1998) resulted in a 
99th percentile peak daily 1-hour maximum concentration7 (the “design concentration”) of 69.0 
ppb, which is below the 2010 SO2 NAAQS of 75 ppb.  While MDNR has discontinued 
monitoring at the Augusta location, it is apparent that continued monitoring at that location 
would likely reflect continued maintenance of the 2010 SO2 NAAQS near Labadie. 


  


                                                      


6
 For example, the EPRI Kincaid SO2 study in 1980-1981 with 28 SO2 monitors showed that the peak monitored 


location was about 2-3 km from the plant, which had a 600-ft stack (see Liu, M. K., and G. E. Moore. 1984.  


Diagnostic validation of plume models at a plains site. EPRI Report No. EA-3077, Research Project 1616-9, 


Electric Power Research Institute, Palo Alto, CA). 


7
 Averaged over the three years (calendar years 1996 and 1997, plus the partial years of 1995 and 1998 taken as 


the third year) 
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Figure 2: Map of Labadie Energy Center with Historical Monitor Locations 
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3.  Review of Available Monitoring Data Near Labadie: Current Data 
 


In April 2015, Ameren initiated a new SO2 monitoring program  to evaluate the air quality 
impact attributable to Labadie, pursuant to a monitoring plan approved by the MDNR.  The 
locations of the monitors are shown in Figure 3, which correspond to distances and directions 
expected to be in peak impact locations, based upon sectors of peak frequencies of wind data 
from an historical 85-m on-site meteorological tower (see Figure 4).  As noted below, the 
results of the current  monitoring support the past monitoring results, and provide very strong 
evidence of SO2 NAAQS compliance in the vicinity of Labadie.  Ameren is committed to 
continuing the monitoring program for at least 3 years. 


Figure 3:  Current SO2 Monitors in the Vicinity of Labadie 
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Figure 4:  1984 Wind Rose for 85-m On-site Meteorological Data 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Specifically, monitored concentrations through the new monitoring network are available for an 
8-month period for the NW and NE sites (see Figure 5 for a time series concentration plot of 
peak daily 1-hour maxima), and indicate the following: 
 


• The highest 1-hour SO2 concentrations are 38 ppb at the NW site and 56 ppb at the NE 
site. 


• The 99th percentile (3rd highest peak daily 1-hour maximum) concentrations are 29 ppb 
at the NW site and 34 ppb at the NE site – both less than 50% of the 75 ppb NAAQS. 


 
Again, “actual” monitored levels of SO2 around Labadie obtained through the new monitoring 
network clearly indicate attainment by a wide margin.  
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Figure 5:  Time Series of Daily Maximum SO2 Concentrations for the NW and NE Labadie 
Monitors 
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4. Dispersion Modeling Approach for Labadie 
 


The modeling conducted by AECOM and submitted to MDNR in early September 2015 utilize 
inputs which the Sierra Club and the Washington University Legal Clinic (“Clinic”) have 
criticized in comments to MDNR and in subsequent modeling submittals8 to MDNR and EPA 
Region 7.  The specific points of most concern include: 
 


• AERMOD Low Wind Options.  AECOM used the EPA-proposed9 low wind options:  
ADJ_U* in AERMET and LOWWIND3 in AERMOD.   As described below, the use of 
the EPA proposed low wind options have solid support through peer-reviewed journal 
articles and supplementary documents including: 


 
o The adjustment to the planetary boundary layer parameterization in AERMET 


is supported by the research documented in Qian, W. and A. Venkatram. 2011.  
Performance of steady-state dispersion models under low wind-speed 
conditions.  Boundary Layer Meteorology, 138, pp 475-491. 
 


o The LOWWIND2 option in AERMOD (similar to the LOWWIND3 option) in 
addition to the ADJ_U* option, is supported by the research documented in 
Paine, R., O. Samani, M. Kaplan, E. Knipping and N. Kumar (2015) Evaluation 
of low wind modeling approaches for two tall-stack databases, Journal of the 
Air & Waste Management Association, 65:11, 1341-1353, DOI: 
10.1080/10962247.2015.1085924.   A supplemental evaluation done when 
LOWWIND3 was released provides nearly identical results, and that analysis 
was submitted to MDNR in early September. 


 
In contrast, the Sierra Club relied on AERMOD default options in all of their modeling 
submittals.   Due to the expectation that EPA will promulgate the low wind options in 
AERMOD prior to July 2, 2016, we believe that use of these options is appropriate.  
Additional discussion in support of the low wind AERMOD modeling options is presented 
in a separate section below. 


 
• ACFM v. SCFM Data. In December, 2015, the Clinic presented modeling to EPA 


using stack flow rates based on standard cubic feet per minute (SCFM) instead of 
stack flow rates based on actual cubic feet per minute as used by AECOM in its 
modeling. The Clinic’s use of stack flow rates based on SCFM rather than ACFM is 
erroneous.  In fact, EPA attempted to guide the Clinic to the correct data source by 
referring the Clinic’s modeler to a useful Oklahoma Department of Environmental 
Quality website (https://www.deq.state.ok.us/aqdnew/emissions/SCFMvsACFM.PDF) 
which states the following about the use of ACFM vs. SCFM data: 


 


                                                      


8
 Two modeling submittals, using different approaches, have been submitted on behalf of the Sierra Club to MDNR 


and/or EPA Region 7.  One was an analysis conducted by Wingra Engineering and was submitted to MDNR (and 


subsequently to EPA) in early September 2015.  A second analysis, conducted by the Washington University 


Environmental Law Clinic, was recently submitted to EPA on December 16, 2015.  


9
 As documented in the proposal (July 29, 2015) at 80 FR 45340. 
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ACFM is based on actual conditions of the gas.  The stack flow rate and temperature 
are used in dispersion models to calculate the plume height, the height to which 
pollutants rise before they begin to disperse. If the flow rate is low it will result in lower 
plume heights and cause a higher pollutant concentration at ground level. Since 
SCFM is lower than the ACFM it incorrectly results in higher ground level 
pollutant concentrations.  This is misleading for agencies and persons using 
this information for planning, public review, or testing.  
 
As a result of this modeling error, the Clinic’s modeling analysis is unreliable and 
should be disregarded.   
 


• Labadie Units 3 and 4 Share a Common Stack. AECOM combined in the modeling 
the flows from the dual-flued Labadie Units 3 and 4, since they are in the same stack, 
as shown in Figure 5.  The flue exhaust flows were merged in the modeling, consistent 
with EPA Model Clearinghouse memo 91-II-01.  The Sierra Club modeling submittals 
have continued to assume that the stacks are separate, even though it is quite evident 
from Figure 5 that the flues in the stack serving Units 3 and 4 are merged. 
 


Figure 5:  Google Earth View of Labadie Stacks, Showing Dual Flue for Units 3 and 4 
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• Use of Representative Background Concentrations.  AECOM used regional 
background concentration data from a rural monitor (Nilwood, Illinois) that is more 
representative of the rural setting of Labadie.  The Sierra Club utilized concentration 
values from urbanized East St. Louis, Illinois. AECOM also appropriately employed the 
seasonal, hour-of-day approach that is documented in EPA’s March 1, 2011 Model 
Clearinghouse memo10, something that the Sierra Club did not do in its modeling. 


  


                                                      


10
 http://www.epa.gov/scram001/guidance/clarification/Additional_Clarifications_AppendixW_Hourly-NO2-


NAAQS_FINAL_03-01-2011.pdf. 
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5. Evaluation of Low Wind Options for Several Tall-Stack Evaluation Databases 


On July 29, 2015, EPA initiated a rulemaking9 to update Appendix W, which details the 
procedures for conduction dispersion modeling analyses.  While most commenters supported 
the proposed AERMOD low wind options, the Sierra Club (not surprisingly) opposed them, 
recommending that EPA should not adopt the proposed low wind options as defaults in the 
AERMOD modeling system.11  As part of their comments (provided separately), Camille Sears 
(commissioned by the Sierra Club) conducted additional evaluations on some of the evaluation 
databases that EPA has posted for AERMOD studies.  The specific evaluation databases 
selected by the Sierra Club included Baldwin, Kincaid, Lovett, Tracy, and Prairie Grass, with 
features noted below. 
 


• Baldwin (1-hr SO2): Rural, flat terrain, 3 stacks, stack height = 184.4 m, 1 full year 


• Kincaid (1-hr SO2): Rural, flat terrain, 1 stack, stack height = 187 m, about 7 months 


• Lovett (1-hr SO2): Rural, complex terrain, stack height, HS = 145 m, 1 full year 


• Tracy (1-hr SF6): Rural, complex terrain, 1 stack, stack height = 90.95 m, several tracer 
release hours 


• Prairie Grass (1-hr SF6): Rural, flat terrain, 1 stack, release height = 0.46 m (no plume 
rise), several tracer release hours 


 
AECOM has reviewed the Sierra Club comments and modeling analysis summary submitted to 
EPA on use of the low wind options.  The results of the review will be submitted to MDNR as a 
separate report.  A summary of our findings are as follows: 


• The Sierra Club used an outdated statistical metric developed prior to the current form 
of the NAAQS, focusing upon the 100th percentile statistic rather than the 99th 
percentile.  
 


• The Sierra Club’s approach has shortcomings in that they combined concentrations 
from all monitors, so that a minority of the monitors could dominate the statistics, and 
there could be inconsistent monitor representation between observations and 
predictions.   
 


• The Sierra Club evaluation procedures use all 1-hour values rather than the highest 
daily value, which is also inconsistent with the new ambient standards.  


A separate AECOM evaluation report12 that addresses the above deficiencies and other 
shortcomings in the Sierra Club analysis indicates that the AERMOD performance with low 
wind options is reliable and, in fact, slightly conservative for the purpose of modeling the 1-hour 
SO2 NAAQS.   


  


                                                      


11
 http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OAR-2015-0310-0114.  


12
 AECOM, 2016.  Supplemental Evaluation of AERMOD Low Wind Options for Selected Tall Stack Databases.   
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6.  Evaluation of AERMOD Low Wind Options for 2015 Labadie Monitoring Data: 


Confirms that Air Quality Fully Complies with SO2 NAAQS  
 
In addition to the evaluation databases described in Section 5, we present evaluation results 
for AERMOD with default and low wind options run with actual Labadie emissions for the 
period of monitoring in 2015.   As noted above, the monitoring started in late April 2015, so 
there is more than half a year of measurements available for the evaluation.  Our evaluation 
with actual monitored emissions again confirms the appropriateness of use of the low wind 
option and that air quality fully complies with the SO2 NAAQS. 
 
Ameren obtained meteorological data for 2015 using prognostic meteorological data from the 
Weather Research Forecast (WRF) model in order to evaluate wind data (for monitor siting) at 
and above stack height.  Table 2 lists the WRF options used. 
 
Table 2:  WRF Modeling Options Used by Ameren 
 
Grids:                   36, 12, 4, 1.33, and two 0.444 km grids around Labadie and Rush Island 
Nudging:      Analysis Nudging on 36 and 12 km; observation nudging on the 4 km winds 
Runs:           Run on 5 day segments with 12 hour spin up 
Initialization: With 40 km ETA AWIP model analysis 
mp_physics:              opt: 3 WRF Single-Moment 3-class water microphysics scheme 
ra_lw_physics           opt: 4 RRTMG long-wave radiation scheme 
ra_sw_physics          opt: 4 RRTMG short-wave radiation scheme 
sf_sfclay_physics     opt: 1 Revised MM5 surface layer scheme 
sf_surface_physics opt: 2 Noah land-surface model 
bl_pbl_physics opt: 1 YSU planetary boundary layer scheme 
cu_physics                 opt: 5 New Grell (G3) cumulus scheme (36km and 12km only) 
 
Figure 6 below is from the WRF modeling at the 94-m level and is consistent with the 85-m on-
site wind data shown in Figure 4.   Both wind roses (in Figures 4 and 6) support the selection of 
the monitor sites due to frequent winds from the south and the west. 
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Figure 6:  94-m Wind Rose for2015 from WRF Modeling  
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A review of the 2015 monitoring data indicates that a typical Labadie non-impact produces a 
background concentration of about 4 ppb.  The Labadie Energy Center is located in a rural 
setting with only a few small isolated industrial facilities in the area, located 8 km or greater in 
distance from the Energy Center.  In fact, MDNR’s analysis had only 2 additional facilities 
included in their modeling, each with SO2 emission rates under 5 tons per year.  The 
background concentrations described below were determined for both the monitoring sites, 
using the NE (Valley) monitor meteorological data from April 22, 2015 thru November 29, 2015, 
and by excluding measured wind directions in a 90-degree sector from the plant to each 
monitor.  After exclusion of the wind directions from the plant to each monitor site, the 99th 
percentile of the ranked hourly SO2 concentrations remaining was used to determine the 
background.  For both sites, this background was determined to be about 4 ppb SO2. 


The NE (Valley) monitor sites’ 10-m meteorological data was processed by AERMET along 
with KSUS (Chesterfield Airport) and KILX (Lincoln, IL Upper Air) to produce a single period 
from April 22, 2015 thru November 29, 2015 for use as input to AERMOD. 


Figures 7, 8 and 9 show quantile-quantile (Q-Q) plots for the default, ADJ_U* and the low wind 
(ADJ_U* and LOWWIND3) modeling for the 2015 period starting April 22 through November 
29th for the Northwest station.   Figures 10, 11 and 12 show similar Q-Q plots for the NE 
(Valley) site.   Both sets of plots indicate that the 99th percentile ranked value (3rd highest value, 
circled in red) shows a model overprediction for the default and ADJ_U* options and an 
unbiased or slight overprediction for the low wind options.    


This result is consistent with the other evaluation studies that indicate that the low wind options 
result in model predictions that are at or above observations for the appropriate statistic (99th 
percentile daily 1-hour maxima).   This site-specific model evaluation analysis lends further 
support to the EPA approval of the low wind options (ADJ_U* and LOWWIND3) for Labadie 
SO2 modeling. 
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Figure 7:  Quantile-Quantile Plot for AERMOD with Default Options for AERMET and 
AERMOD, Northwest Site 
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Figure 8:  Quantile-Quantile Plot for AERMOD with AERMET ADJ_U* and ADJ_U*  
AERMOD, Northwest Site 
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Figure 9:  Quantile-Quantile Plot for AERMOD with AERMET ADJ_U* and AERMOD 
LOWWIND3, Northwest Site  
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Figure 10:  Quantile-Quantile Plot for AERMOD with Default Options for AERMET and 
AERMOD, Northeast (Valley) Site 
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Figure 11: Quantile-Quantile Plot for AERMOD with AERMET ADJ_U* and AERMOD 
ADJ_U* , Northeast (Valley) Site 
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Figure 12:  Quantile-Quantile Plot for AERMOD with AERMET ADJ_U* and AERMOD 
LOWWIND3, Northeast (Valley) Site 
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7.  Conclusions 
 


Ameren Missouri and AECOM are actively characterizing the SO2 concentration pattern around 
Labadie using both dispersion modeling and monitoring.  The dispersion modeling approach 
used by AECOM, which has documented over-prediction tendencies, shows compliance with 
the 1-hour SO2 NAAQS by a small margin.    The monitoring data to date shows compliance 
with the NAAQS by a large margin, as expected. 
 
In comments filed with MDNR and EPA, the Sierra Club and the Clinic challenged several of 
the modeling approaches used by AECOM, especially the use of the EPA-proposed low wind 
options.  This report provides clear support for the use of the low wind options as well as the 
other appropriate modeling approaches/inputs not adopted by the Sierra Club: specifically, use 
of actual cubic feet per minute flow rates, merged flue stack for Labadie Units 3 and 4, and a 
rural regional background characterization.   The use of the low wind options in AERMOD is 
supported by both an evaluation of several tall-stack databases as well as a site-specific 
evaluation for the 2015 monitoring data near Labadie. 
 
Ameren also conducted a meteorological modeling analysis of winds for 2015 with the WRF 
model to determine the likely characterization of wind flow at elevations well above the ground.   
The winds aloft in 2015 are consistent with those taken in 1984 during a period of site-specific 
meteorological monitoring, and support the siting locations of the NW and NE (“Valley”) SO2 
monitors. 
 
The evaluations and findings in this Report support the Missouri recommendation of an 
unclassifiable designation status, if not an attainment designation status, for the 1-hour SO2 
NAAQS for Labadie.  EPA should agree with MDNR’s recommendation and proceed 
accordingly.   
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